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1  Planar  Slits  with  Narrow,  Vertically- Aligned  Nanopat¬ 
terns 

We  present  the  schematic  phase  diagram  and  some  select  nanostructures  for  narrow 
(Lnp  =  6.25),  vertically-aligned  nanopatterns  in  Figs.  1  and  2,  respectively.  Unlike  the 
wide  nanopatterned  systems,  the  self-assembled  nanostructures  rather  poorly  follow  the 
superposition  description,  with  the  exception  at  narrow  slit  widths  and  a  few  cases  for  slit 
widths  between  6  and  10.  For  these  narrow  nanopatterned  planar  slits,  the  nanopatterns 
have  a  greater  influence  on  the  overall  self-assembly  of  the  diblock  copolymers,  where  we 
observed  the  formation  of  novel  nanostructures  such  as  Ly  i-|-Lj_  (Fig.  2a)  and  Ly  i-j-Lij"} 

(Fig.  2c).  Overall  for  IF  >  10,  the  system  forms  either  lamellar  phases  corresponding 
to  the  tci-portion  of  the  nanopatterned  planar  slits,  e.g.,  Ly  ,^’s  or  a  chevron-like  lamellar 
phase  (Fig.  2b)  (mainly  for  =  0),  or  tilt-like  lamellar  phases  (Fig.  2d)  for 

both  AaBtoj/^OAB  =  0.5  and  1.  Additional  DPD  simulations  with  boxlengths  =  25 
and  Ly  =  20  resulted  in  a  different  structure  only  for  [W,  Aastoa/^OAB]  =  [16,0],  where 
a  chevron-like  lamellar  phase  formed  instead  of  (both  nanostructures  are  indicated  in 
Fig.  1,  separated  by  comma).  Here  again,  it  occurs  at  a  microphase  separation  boundary 
between  two  different  types  of  nanostructures,  which  explains  the  ambiguity  due  to  highly 
pronounced  hnite-size  and  commensurate  effects. 


2  Planar  Slits  with  Narrow,  Vertically-Staggered 
Nanopatterns 

The  schematic  phase  diagram  and  some  select  nanostructures  for  narrow  (Lnp  =  6.25), 
vertically-staggered  nanopatterns  are  displayed  in  Figs.  3  and  4,  respectively.  Unlike 
the  wide,  vertically-staggered  nanopatterns  but  similar  to  the  narrow,  vertically-aligned 
nanopatterns,  the  resulting  nanostructures  do  not  obey  the  superposition  behavior  of 
lamellar  alignment  in  planar  slits  without  nanopatterns  (i.e.,  in  planar  slits  with  wi-  and 
t(;2-walls),  except  for  a  few  cases.  For  these  narrow,  vertically-staggered  nanopatterns, 
the  systems  spontaneously  form  novel  L-|-iL  (Fig.  4a)  and  L-Ly  i-|-iL-Ly  i  (Fig.  4b) 
nanostructures.  Overall  for  wide  slit  widths,  in  addition  to  the  formation  of  Lj^  phases, 
the  systems  exhibit  nanostructures  characterized  by  a  mixture  of  parallel  and  tilt  lamellae 
(Fig.  4c)  or  exclusively  tilt-like  lamellar  phases  (Fig.  4d).  Additional  DPD  simulations 
with  boxlengths  Lx  =  25  and  Ly  =  20  resulted  in  different  nanostructures  for  the  cases  of 
[IF,  AoBuja/^^AB]  =  {[11,  0] ,  [17,  0] ,  [16,  0.5]},  with  formations  of  a  Lj_  phase  instead  of  a 
L-Ly  i+iL-Ly  1  phase,  a  Ly  3  phase  instead  of  a  parallel-tilt  lamellar  phase,  and  a  tilt-like 
lamellar  phase  instead  of  a  parallel-tilt  lamellar  phase,  respectively.  The  nanostructures 
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that  formed  for  the  different-sized  simulation  cells  are  indicated  in  Fig.  3,  separated 
by  comma.  All  of  these  cases  occur  at  microphase  separation  boundaries  between  two 
different  types  of  nanostructures,  which  explains  the  ambiguity  due  to  highly  pronounced 
hnite-size  and  commensurate  effects. 


3  Planar  Slits  with  Vertically-Partially-Staggered 
Nanopatterns 

3.1  Wide  Nanopatterns  {L^p  =  12.5) 

The  schematic  phase  diagram  and  some  select  nanostructures  for  wide,  vertically- 
partially-staggered  nanopatterns  are  shown  in  Figs.  5  and  6.  Unlike  the  previous 
wide  nanopatterned  systems,  the  self-assembled  nanostructures  rather  poorly  follow  the 
superposition  description,  with  the  exception  at  very  narrow  slit  widths  and  a  few  cases  for 
wider  nanopatterned  planar  slits.  In  contrast  to  vertically-aligned  or  vertically-staggered 
nanopatterns,  where  the  superposition  description  is  given  by  the  phase  behavior  in 
planar  slits  with  tci-walls  or  in  planar  slits  with  wi-  and  tC2-walls,  respectively,  here 
the  superposition  description  combines  the  phase  behavior  in  both  planar  slits  with  wi- 
walls  and  planar  slits  with  wi-  and  tC2-'walls.  The  actual  size  of  the  Wi-partitions  and 
Wi-  and  t(;2-partitions  of  the  nanopatterned  planar  slits  is  Lnp/2,  i.e.,  not  sufficient  for 
the  systems  at  wide  slit  widths  {W  >  5)  to  develop  nanostructures  corresponding  to 
particular  partitions  of  the  nanopatterned  planar  slits.  This  fact  is  supported  by  the 
observed  nanostructures  at  hF  =  7  and  8  when  AaB«;2/AaAB  =  0  and  0.5,  and  at  hF  =  13 
and  14  when  AaB«;2/AaAB  =  0,  which  obey  the  superposition  description  even  at  wider 
slit  widths.  However,  this  is  due  to  the  appearance  of  parallel  alignment  in  three  successive 
partitions  of  the  nanopatterned  planar  slits.  Therefore  at  wider  slit  widths,  we  mostly 
see  parallel  lamellar  phases  (for  AaBt«2/'^®AB  =  0)  or  chevron-like  (Fig.  6d)  and/or  tilt¬ 
like  (Fig.  6e)  lamellar  phases.  For  narrow  slit  widths  up  to  5,  the  system  nearly  follows 
the  superposition  description  and  forms  perpendicular  lamellar  phases  for  W  =  2  and 
3,  and  a  nanostructure  given  by  a  combination  of  adsorbed  layer,  inverted  adsorbed 
layer  and  perpendicular  phases  (denoted  as  L-|-LA-l-iL-|-LA,  and  shown  in  Fig.  6a).  The 
wide,  vertically-partially-staggered  nanopatterns  generated  two  unique  nanostructures  at 
VF  =  10  and  11  when  AaBu,2/^®AB  =  0.  The  nanostructure  at  hF  =  10  is  formed  by 
a  tilt  of  Lj_  to  smoothly  join  the  iL-L||  i  and  L-L||  i  phases  (denoted  as  iL-L||  i-|-tL||  i-|-L- 
L|j,i-I-L_i_  and  shown  in  Fig.  6b),  while  the  nanostructure  at  hF  =  11  results  from  a  tilt 
of  L||  2  and  L_i_  to  smoothly  join  iL-L||  i  and  L-L||  i  phases  (denoted  as  iL-L|j  i-|-tL||  i-|-L- 
Lm-|-tLm  and  shown  in  Fig.  6c).  Additional  DPD  simulations  with  boxlengths  Lx  =  25 
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and  Ly  =  20  resulted  in  a  different  structure  only  for  [Id^,  AaBtoa/^OAs]  =  [17,0],  which 
lies  at  a  microphase  separation  boundary  between  two  different  types  of  nanostructures. 
The  nanostructures  that  formed  for  the  different-sized  simulation  cells  are  indicated  in 
Fig.  5,  separated  by  comma. 

3.2  Narrow  Nanopatterns  (Lnp  =  6.25) 

The  schematic  phase  diagram  and  some  select  nanostructures  for  narrow,  vertically- 
partially-staggered  nanopatterns  are  shown  in  Figs.  7  and  8.  Analogous  to  the  wide, 
vertically-partially-staggered  nanopatterned  case,  the  systems  obey  the  superposition 
description  only  at  very  narrow  slit  widths  {W  <  6),  where  the  systems  exhibit  L_i_ 
phases  for  hF  =  2  and  3(4),  and  L-|-L_i_-|-iL-|-L_i_  phases  (Fig.  8a)  otherwise.  For  wide  slit 
widths,  the  systems  mostly  form  tilt-like  lamellar  phases  (Fig.  8c).  Additionally  though, 
the  systems  self-assemble  into  phases  when  AaBuia/l^^AB  =  0  and  into  Lj_  phases 
for  a  few  cases.  The  narrow,  vertically-partially-staggered  nanopatterns  also  generated 
unique  nanostructures  at  [hF,  AaBtoa/^OAB]  =  {[9;0] ,  [7,0.5]}  formed  by  a  succession  of 
L||j  and  L_i_  phases  (denoted  as  Lm-|-L_i_-|-L||  i-|-L_i_  and  shown  in  Fig.  8b). 

4  Conformational  Behavior  in  the  Nanopatterned 
Planar  Slits 

Figs.  9  and  10  show  examples  of  diblock  copolymer  conformational  behavior  in  terms 
of  the  nematic  order  parameter,  P2,d,  for  the  planar  slits  with  vertically-aligned  and 
vertically-staggered  nanopatterns,  respectively.  Abrupt  changes  in  the  orientational  order 
are  clearly  exhibited  during  the  transformation  between  phases. 
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Figure  1:  Self-assembly  of  the  A5B5  systems  confined  in  nanopatterned  planar  slits,  where 
strips  on  opposing  surfaces  are  vertically  aligned  with  size  Lnp  =  6.25.  IV  is  the  slit 
width  and  AaBtoa/AaAB  is  a  measure  of  phobicity  of  the  B-blocks  towards  the  tC2-walls. 
Schematics  indicate  lamellar  alignment  in  the  planar  slits  without  nanopatterns,  i.e.,  in 
planar  slits  with  tci-walls.  Wi-  and  t(;2-walls  are  represented  by  black  and  bine  lines,  re¬ 
spectively.  Crosses  indicate  cases  where  nanostrnctnres  did  not  result  from  superposition 
of  the  lamellar  alignment  in  the  underlying  planar  slits  withont  nanopatterns.  Letters 
(a)-(d)  refer  to  simulation  conhgurations  for  some  select  nanostrnctnres  formed  in  the 
nanopatterned  planar  slits,  which  are  shown  in  Fig.  2.  Other  legend  dehnitions  are:  L^, 
a  perpendicular  lamellar  phase;  and  L||  parallel  lamellar  phases  with  1/  A-lamellae.  For 
the  case  in  which  different  nanostrnctnres  were  observed  for  different-sized  simulation 
cells,  both  nanostrnctnres  are  shown  separated  by  comma. 


Figure  2:  Examples  of  simulation  conhgurations  corresponding  to  Fig.  1.  (a)  L|| 

(b)  chevron-like  lamellar  phase;  (c)  L||  i-l-Lij"};  and  (d)  tilt-like  lamellar  phase.  Shown 
in  the  inset  of  (c)  are  isosnrfaces  for  the  A-beads.  Green  and  gold  spheres  represent  A- 
and  B-beads,  respectively,  while  grey  and  pink  spheres  represent  Wi-  and  tC2-wall  beads, 
respectively.  B-beads  are  not  shown  in  (a)  and  (c)  for  visual  clarity. 
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Figure  3:  Self-assembly  of  the  A5B5  systems  confined  in  nanopatterned  planar  slits, 
where  strips  on  opposing  surfaces  are  vertically  staggered  with  size  Lnp  =  6.25.  W 
is  the  slit  width  and  is  a  measure  of  phobicity  of  the  B-blocks  towards  the 

t(;2-walls.  Schematics  indicate  lamellar  alignment  in  planar  slits  without  nanopatterns, 
i.e.,  in  the  planar  slits  with  wi-  and  tC2-walls.  Wi-  and  t(;2-walls  are  represented  by 
black  and  blue  lines,  respectively.  Crosses  indicate  cases  where  nanostructures  did 
not  result  from  superposition  of  the  lamellar  alignment  in  the  underlying  planar  slits 
without  nanopatterns.  Letters  (a)-(d)  refer  to  simulation  conhgurations  for  some  select 
nanostructures  formed  in  the  nanopatterned  planar  slits,  which  are  shown  in  Fig.  4.  Other 
legend  dehnitions  are:  Lj^,  a  perpendicular  lamellar  phase;  and  Ly  3,  a  parallel  lamellar 
phase  with  three  A-lamellae.  For  cases  in  which  different  nanostructures  were  observed 
for  different-sized  simulation  cells,  both  nanostructures  are  shown  separated  by  comma. 


Figure  4:  Examples  of  simulation  conhgurations  corresponding  to  Fig.  3.  (a)  L-|-iL;  (b)  L- 
L|j  i-|-iL-L|j  1;  (c)  parallel-tilt  lamellar  phase;  and  (d)  tilt-like  lamellar  phase.  Shown  in  the 
insets  of  (a)  and  (b)  are  isosurfaces  for  the  A-beads.  Green  spheres  represent  A-beads, 
while  grey  and  pink  spheres  represent  Wi-  and  tC2-wall  beads,  respectively.  B-beads  are 
not  shown  for  visual  clarity. 


Figure  5:  Self-assembly  of  the  A5B5  systems  conhned  in  nanopatterned  planar  slits,  where 
strips  on  opposing  surfaces  are  vertically  partially  staggered  with  size  L^p  =  12.5.  W  is 
the  slit  width  and  AaBtoj/AuAB  is  a  measure  of  phobicity  of  the  B-blocks  towards  the  W2- 
walls.  Schematics  indicate  lamellar  alignment  in  the  planar  slits  without  nanopatterns, 
i.e.,  in  the  planar  slits  with  tci-walls  and  in  the  planar  slits  with  wi-  and  tC2-walls. 
Wi-  and  tC2-'walls  are  represented  by  black  and  blue  lines,  respectively.  Crosses  indicate 
cases  where  nanostructures  did  not  result  from  superposition  of  the  lamellar  alignment 
in  the  underlying  planar  slits  without  nanopatterns.  Letters  (a)-(e)  refer  to  simulation 
conhgurations  for  some  select  nanostructures  formed  in  the  nanopatterned  planar  slits, 
which  are  shown  in  Fig.  6.  Other  legend  dehnitions  are:  L^,  a  perpendicular  lamellar 
phase;  Ly  a  parallel  lamellar  phase  with  1/  A-lamellae;  *,  a  phase  given  by  a  succession 
of  L_i_/Ly  i/L_i_/L_i_  phases  in  the  particular  partitions  of  these  nanopatterned  slits;  and 
a  phase  given  by  a  succession  of  Lj_/Lm/Lm/Lj_  phases  in  the  particular  partitions 
of  these  nanopatterned  slits.  For  the  case  in  which  diherent  nanostructures  were  observed 
for  diherent-sized  simulation  cells,  both  nanostructures  are  shown  separated  by  comma. 
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Figure  6:  Examples  of  simulation  configurations  corresponding  to  Fig.  5. 

(a)  L-|-L_|_ -|-iL-|-L_|_  j  (b)  iL-L|j^]^-|-tL||^]^-|-L-L|j^]^-|-L_|_j  (c)  iL-L||^]^-|-tL||^]^-|-L-L||^]^-l-tL||^]^5 

(d)  chevron-like  lamellar  phase;  and  (e)  tilt-like  lamellar  phase.  Also  shown  are  insets  of 
isosurfaces  for  the  A-beads.  Green  and  gold  spheres  represent  A-  and  B-beads,  respec¬ 
tively,  while  grey  and  pink  spheres  represent  Wi-  and  t(;2-wall  beads,  respectively. 


Figure  7:  Self-assembly  of  the  A5B5  systems  conhned  in  nanopatterned  planar  slits,  where 
strips  on  opposing  surfaces  are  vertically  partially-staggered  with  size  Lnp  =  6.25.  W  is 
the  slit  width  and  Aastoa/^OAB  is  a  measure  of  phobicity  of  the  B-blocks  towards  the  W2- 
walls.  Schematics  indicate  lamellar  alignment  in  the  planar  slits  withont  nanopatterns, 
i.e.,  in  the  planar  slits  with  tci-walls  and  in  the  planar  slits  with  wi-  and  tC2-walls. 
wi-  and  tC2-walls  are  represented  by  black  and  blue  lines,  respectively.  Crosses  indicate 
cases  where  nanostrnctnres  did  not  result  from  superposition  of  the  lamellar  alignment 
in  the  nnderlying  planar  slits  withont  nanopatterns.  Letters  (a)-(c)  refer  to  simnlation 
conhgurations  for  some  select  nanostrnctnres  formed  in  the  nanopatterned  planar  slits, 
which  are  shown  in  Fig.  8.  Other  legend  dehnitions  are:  L^,  a  perpendicular  lamellar 
phase;  and  L||  j,,  a  parallel  lamellar  phase  with  v  A-lamellae. 


Figure  8:  Examples  of  simulation  conhgurations  corresponding  to  Fig.  7. 

(a)  L-|-Lj_-|-iL-|-Lj_;  (b)  Lm-|-Lj_-|-Lm-|-L_L;  and  (c)  tilt-like  lamellar  phase.  Also  shown  are 
insets  of  isosnrfaces  for  the  A-beads.  Green  and  gold  spheres  represent  A-  and  B-beads, 
respectively,  while  grey  and  pink  spheres  represent  Wi-  and  tC2-wall  beads,  respectively. 


Figure  9:  The  nematic  order  parameter,  P241  as  a  fnnction  of  the  slit  width,  IF,  for 
the  A5B5  copolymers  conhned  in  nanopatterned  planar  slits,  where  strips  on  opposing 
surfaces  are  vertically  aligned  with  size  (a)  Lnp  =  12.5  and  (b)  Lnp  =  6.25;  and 
where  AaA«;i/AaAB  =  Aapuja/^^AB  =  1-  Symbols  represent  simulation  results,  where 
dotted  lines  are  drawn  as  a  gnide  to  the  eye  and  vertical  dashed  lines  mark  approximate 
microphase  separation  boundaries.  Other  legend  dehnitions  are:  L^,  a  perpendicular 
lamellar  phase;  the  letters  (a),  (e)  and  (g)  in  Fig.  9a  refer  to  the  nanostrnctnres  shown  in 
Fig.  10  of  the  paper;  letters  (c)  and  (d)  in  Fig.  9b  refer  to  the  nanostrnctnres  shown  in 
Fig.  1. 
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Figure  10:  The  nematic  order  parameter,  P2^d,  as  a  function  of  the  slit  width,  W,  for 
the  A5B5  copolymers  conhned  in  nanopatterned  planar  slits,  where  strips  on  opposing 
surfaces  are  vertically  staggered  with  size  (a)  Lnp  =  12.5  and  (b)  Lnp  =  6.25;  and 
where  Aua^ji/Auab  =  AoBiua/^^AB  =  1-  Symbols  represent  simulation  results,  where 
dotted  lines  are  drawn  as  a  guide  to  the  eye  and  vertical  dashed  lines  mark  approximate 
microphase  separation  boundaries.  Other  legend  dehnitions  are:  L^,  a  perpendicular 
lamellar  phase;  letters  (a)-(c)  in  Fig.  10a  refer  to  the  nanostructures  shown  in  Fig.  12  of 
the  paper;  letters  (a)  and  (d)  in  Fig.  10b  refer  to  the  nanostructures  shown  in  Fig.  3. 


Fig.  1  (Petrus  et  al.) 
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Fig.  2  (Petrus  et  al.) 
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Fig.  3  (Petrus  et  al.) 
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Fig.  4  (Petrus  et  al.) 


Fig.  5  (Petrus  et  al.) 
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Fig.  6  (Petrus  et  al.) 


Fig.  7  (Petrus  et  al.) 
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Fig.  8  (Petrus  et  al.) 


